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ABSTRACT 



With a starting point in laboratory research on suppression of visualization 
in- reading, the study investigates effects of treatments (reading vs 
listening and pictures vs no pictures, in a 2 X 2 design) and aptitudes on 
the learning of verbal and spatial types of content. Subjects were about 100 
5ch grade pupils in each treatment, whom were given a battery of 4 ability 
tests, a 'learning material dealing with- the heart and the flow of blood, and 
immediate post-tests to assess acquisition of verbal and spatial aspects of 
the content. For analyzing main effects and interactions the Joreskog LISRbL 
techninue is used. The most important findings aye that acquisition of , 
spatial content is superior^in the audio-visual treatment, and that girls 
'high in general* ability perform better when listening than when reading. The 
results are interpreted in relation to research on visualization suppression 
and sex differences in lateralization of processing. 



1 INTRODUCTION 



The present study investigates effects of pictures and modality of presen- 
tation in learning verbal and spatial typeswof content. Not only main effects 
are considered, but also'dif ferential effects of treatment as -a function of 
individual differences. * 

The theoretical background of- the study is derived from a series of studies 
conducted by Brooks (1967, 1968) on suppression of visualization In reading. 
In a typical experiment Brooks (1967) presented subjects with two types of 
messages. In one of these spatial relations were described, while the other 
type of message was nonspatial. Subjects listened to some of the messages, 
and for others an accompanying written copy of the message was provided. The 
task- was t> 'repeat the message verbatim after presentation. 



Subjects made fewer errors on the spatial type of message when listening then 
they did when both listening and reading. The reverse pattern of results was 
found for the 'non-spatial messages. These results may.be interpreted to indi- 
cate that reading interferes with the generation of an internal representa- 
tion of spatial .relations. # . 

Brooks' (1967) research waa replicated and extended by Petpson, Thomas and 
Johnson -(1977). They introduced a series of modifications \t the experimental 
casks but were still able to replicate the original findings.. They also asked 
subjects to perform .mental rotations, and showed that information obtained ^ 
through reading had typical characteristics of verbally represented infor- 
mation, while information obtained through listening had the typical 
characteristics of spatially represented information. 

While it does seem to-be'a well established fact that reading interferes with 
visualization, different specific interpretations may be advanced to account 
for this. Brooks" (1967) suggested two possible interpretations. • < # - . 

' ■ — T 

♦ 

One is based on the hypothesis that visualization uses mechanisms' specialized 
for visual perception. Since reading is a visual process as well, the two 
processes compete for the -same limited resources, and cannot be performed 
simultaneously. Thus, in this interpretation the similarity with respect to 
sensory modality, of reading and visualization is stressed. 

This hypothesis is indirectly supported by research showing a functional 
similarity of imaging and perceiving (e.g. Peterson, 1975; Podgorny & 
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Shepard, 1978; Sheehan, 1975). Furthermore, in several pieces of research it % 
has been found chat visualization is disrupted also by other visual stimuli, 
which is, of course, a necessary, but not sufficient, condition for this 
interpretation to he true (Baddeley, Grant, Wight & Thompson, 1975; Jansseri, 
1976; Salth6use, 1975; Yuille & Ternes , 19-75). Negative results have been 
reported too (Baddeley et al., 1977 , Exp III; Kosslyn, llolyak & Huffman, 
1976; Sherman, Kulhavy & Burns, 1976; Wright, Hclloway &..Aldrich, 1974). 
However, given the frequency of positive results, it is'difficult to judge 
what weight should be attached 'to negative results, since the specific 
combination of visualization and perception tasks may be cf great importance 
in determining whether any interference will occur (cf Janssen, 1976). 

Is the other interpretation suggested by Brooks (1967) it was suggested "that 
reading interferes with' reorganization into spatial- representations because 
"reading forces the subject to deal with information i.n a more exclusively 
verbal form than does listening" (Brooks, 1967, p. 289). Thus, in this 
interpretation the difference in nature of reading and visualization 
processes is seen as the cause' of suppression of visualization in reading. 

Imagery and visualization processes have been shown to beoof a global,, 
holistic, analog kind, in which functional relations among imagined objects 
mirror functional relations among the objects as actually perceived (cf 
Shepard, 1978; but for contrasting views see' Pylyshyn , 1973 and Anderson, 
1978). Reading processes, in contrast, are sequential and logical, and recent 
theoretical accounts of the process of reading (e.g. Goodman & Goodman, 1977; 
LaBejrge & Samuels, 1974) stress the hierarchical and automatized organization 
of subskills. Thus, according to these theoretical accounts the processes of 
reading and visualization are quite different in nature, To visualize, 
therefore, it Is necessary that the entire system, of hierarchically arranged 
reading processes is disrupted. Since the' content of the visualization . 
processes is provided through the reading processes, such disruptions must be < 
- frequent, which may be so taxing that the visualization processes are 
suppressed • • 

On the basis -of the laboratory studies conducted Vy Brooks it is impossible 
to make a choice between these two interpretations of the cause of 
suppression of visualization in reading, and both seem to be supjwBded by 
-sonr? indirect evidence. Before continuing this discussion, however, there is 
reason to consider a broader range of research on modality of presentation, ■ 
and also research on the effects of pfpKures in learning materials. 

Studies have shown reading to be more effective than .listening in the 



ERIC 



< 



learning of nonsense syllables (e.g. van Mondfrans 4 Travers, 1964), but In 
studles^of real subject-master the results are more- varied. Sewell and Uoore 

• (L980) taught college students use of the library, and jound reading a text . 
to" be more effective than listening to an audio recording. Clark (1978) 
tested the hypothesis of suppression of visualization by reading and 

'.compared, among other treatments, reading and listening in the learning of 
geometric designs. No significant difference in level of recall was found, 
hut subjects did spend more time reading, which result was interpreted as 
supporting the hypothesis. Taken together these studies seem to indicate an 
interaction between modality of presenCation and type of subject matter, such 
that reading is better when the subjects matter is 0 verbal, while listening is 
better when the subject matter is spatial. 

t 

t 

However, there are likely to be interactions involving other factors as well, 
such as the age level or reading level of the subjects. Wilkinson (1980) - , 
- studied interactions between grade level and oral reading versus looking- 
Ustenino. The results suggested a three-stage model in the development of, 
Skilled reading. In the first stage the child reads accurately but slowly so 

■ that there is loss of comprehension and memory. At the second stage, at about 
the fourth grade, the child is. able to read at a rate equal- to normal 
speaking rate, and recognition of words is no more demanding visually than 
auditorily. 'At this stage understanding is equivalent in reading and 

■ listening. At tf third stage, finally, the -child is able to read efficiently 
and rapidly, so that when engaged in a looking-listening task the child can 
listen and read simultaneously, and is thus able to review .and clarify 
important information. 

Research on the effects of pictures accompanying printed text exhibits a most 
varied pattern of results, showing in some studies positive effects, xn 
others negative effects, and in still others "no effects (for reviews see 
Lindstrom, 1980; Peeck, 1974; Samuels, 1970). Levin and Lesgold (1978) 
concluded, however, that granted- that some ground rules are followed, 
pictures 'almost invariably have positive effects on learning and compre- 
hension. One of these ground rules states that the verbal information should 
be presented auditively, which does suggest that reading interferes with 
extraction of pictorial information. 

Given the functional similarity of imaging and perceiving such a result is In 
line with the findings of suppression of visualization by .reading, and the 
same basic Interpretation should apply In both Instances. In one of the 
interpretations considered above It is argued that reading and .visualisation 
cannot he performed simultaneously because both are visual processes. 
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However,) while it is true that reading 'and picture 'interpretation cannot fake 
place simultaneously, these processes may be performed sequentially f and m 
unles/this hypothesis is complemented with'Ehe assumption that one visual 
'pfaess. interferes with another visual process occurring later in time it is ^ 
not able to account for interference between reading and picture 
interpretation. ^ 

The. other interpretation considered states that ' reading and visualization (or 
picture interpretation^ are incompatible, types of processes, and that: it }.s 
difficult to .switch between these .types of processes. Since reading tends to 
be the primary process', extraction of information from pictures is hampered. 

It would thus seem that the latter hypothesis is the more powerful one of the 
two suggested interpretations . % It must be stressed, however, that, the 
empirical basis 'for this conclusion is quite .shaky. Only .few pertinent 
studies have, been .conducted, and- among these many are laboratory studies of 
doubtful external validity. The present study was designed, therefore, to 
investigate simultaneously modality of presentation? (i .e. reading vejrsus 
listening) and pictures versus no pictures in the learning of verbal and 
'spatial types of content. Before proceeding to 'describe the study 4 there is 
reason-, however, to consider another source of ..variation ,* namely individual ^ 
differences. 

In none of 'the studies considered so far have individual differences been, 
addressed as a source of variation. However, if treatments encourage 
different kinds of processing, and if there are individual differences in the 
ease with which' the processes are carried out, 'not *only main effects of 
treatments would be expected, but also interactions with aptitude' variables. 
Such aptitude x treatment interactions .(ATI's) may have great theoretical, 
import (Snow, 1978; Underwood, 1975), as well as practical significance 
(Cronbach & Snow, 1977). . » _ . 

In ATI-research hierarchical models of the' structure of abilities seem ' 
particularly useful (Gustafsson, Note 1; Snow, 1980). Such models include 
aptitudes of different levels of generality and they therefore are parsi- , 
monious, while they at the same time allow as detailed a description of 
ndrrow abilities as may*be desired. 

The particular model relied upon here is referred to as the HILI-model. 
(hierarchical LISREL-based model; Gustafsson, Note .1; Gustafsson, Lindstrbm & 
Bjorck-Akesson, Note 2). This model includes the primary factors of the 
Thurstohe (1938) and Guilford (1967) models, the second-order factors of the 



.Horn and Cattell (1966) model, as well as a third-order G factor. The G* 
factor "is identical with the Gf*(*Flyid intelligence) factor -in the Cattell- 
Horn model, whjLch factor is a rion-vetbal* reasoning- ability, supposed to 
reflect influences of biological factors amd incidental 'learning on 

•intellectual development. Am^ig the second-order factors, Gc (Crystallized . 
intelligence)- and GV (General, visualization) are the .most important'ones: Gc 
represents cognitive performances which have been acquired through Experience, 
and education, while Gv represents the ability to perceive arid transform 
visual' patterns. » , * 

<?ne frequently studied ATI-hypothesis states that^Creatments employing 
pictures, illustrations,' graphs and other visuals should be particularly 
helpful for pupils high in Gv , 'while .treatments using written text as the / 
main vehicle of , exposition ' should be particularly helpful for pupils high in 
Gc. No strong support has "been obtained for this hypotheses, however (for 
reviews see Cronbach & Snow, 1977; Gu/Jtaf sson,' 1976; Yalow, Note 3), and the-, 
relationships appear to be considerably more complex than anticipated. , 

However, "even though .the results, are complex 'some, tentative generalizations 
may be made (Gustafsson, 1976; Sfuw, 1977). It thus seems that pictorial 
treatments may be particularly helpful to pupils low in G. However; this 
effect seems u to be restricted to fairly low-level types of learning v such as 
acquisition of terms (Gustafsson; 1376, Lindstrbm, 1-980), and it seems to be 
of low durability (Yalow, Note 3). The empirical results also afford the 
conclusion that pupils high in Gv are good at acquiring pictorial information 
(Gustafsson, 1976). But frequently acquisition of the pictorial information 
is not sufficient for answering correctly the post-test questions, and it may 
in. fact be negative. (Hollenberg, 1970; Samuels, 1967). Thus, only when 
learning the pictorials themselves helps achievement , Gv "may be expected to 
be highly related to achievement in a pictorial treatment. 

For the present study the specific prediction may be made that in the 
treatments not involving reading, and* therefof e no .suppression of visua- 
lization, Gv is more., highly related to acquisition o£ spa tial content than in 
treatments involving reading. "There is the possibility, however, that suJv a 
relationship is moderated by sex. -Research .indicates not only sex differences 
in "level of performance on spatial'test*. but £l so that males and females- 
tend to adopt. different strategies in the solution of such tasks, such that 
females more often adopt a verbal-reasoning approach (Gustafsson, 1976). If 
this is -so it might imply that high-Gv males in particular should be able to 
take advantage of the better possibilities for visualization processes in _ 
treatments involving listening. . • • 
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2 "METHOD* 
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Some parts' of the. present 'data hatti previously been analyzelhby Gustafsson 
.(1976, 1978.) in substantlve^nd methodological studies. Here thej analysis 'of-, 
substantive questions wlll.be carried one step further through a j simultaneous 
analysis of the effects of 4 treatments. Methodological problems jiin the ^ 
analysis of ATI-data are also considered since'Ue rather new LISREL 'techni- 
que (Joreskog & SBrbom, .1978) is relied upon in* the analyses. ,] 



2.1 Treatments and subjects 



The § treatments' in the study were obtained^hy crossing the treatment 
variables reading vs listening and pictures Vs -no pictures: f 

' . ' " ' ' ' ' \ " ' V 

The READVERB treatment . Subjects in-«this treatment group read for 17 

minutes'a mimeographed copy of t^he instructional material (see below), which 
did not- cpntain- any illustrations. During the allotted time most subjects 
r*ead'the material at least twice. . , . . ; 

The READPICT "treatment . This treatment was in all respeo-ts the same as 

the READVERB treatment, excepE that subjects read an illustrated version of 

the instructional material (see below). f 

The LIST VERB treatment. . Subjects in this treatment listened to a presen- 
tation via taperecorder of the same material as was read in the READVERB 
treatment. The tape was .played twice, with a pause of about 30 seconds 
between presentations. In all the presentations required about 17 minutes. 

v 

The LISTPICT treatment- ."This treatment was the same a-, the LISTVERB 
•treatment, except that the illustrations, which were identical with those in 
the READPICT treatment, were presented as slides. 

Each treatment group consisted of 6 5th grade classes, with the following 
total number of subjects in each group: READVERB N-120, READPICT N-109, 
USTVERB N=120 and J.ISTP^X N-118. The treatments were administered within 
regular, classes . 
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2.2 The In structional materials 

, * : 

Tht instructional materials dealt with the nature and functions of , the human 
heart 1 , and the circulation of blood In the body. The verbal part, which was 
the. only Information given In the READVERB and LISTVERB treatments, consisted 
of some 850^ words. * 

In" the materials som'eVgeneral Information about the lungs and the body's need 
" *for oxygenTs flrst r gtven. In this context blood Is described as consisting 
. of, among "othet things, blood plasma and red\ blood cells. Transportation of 
blood- in the body with the heart as a ' W' \s then explained, along with 
information .about the size, location and%rts\(lef t and right auricle ,- left 
and right ventricle) of- the heart. It Is also -seated that when you see a 
picture of the h^art the right half is located, on the left In the picture. 

In the main part' of the remainder of the materials a .red blood cell, called 
"Berra Blodls" , -Is followed on a trip through the body. The trip starts In 
thiT lungs where the blood-cell picks up oxygen. Berra, Blodls thenars into 
.the ''left ventricle and" goes, from there Into the left auricle. At this point 
it is" mentioned that blood can flow only from the auricles to the ventricles 
because there. Is a kln'd of door,. the valve-., which prevents blood from going 

the other way- When the ventricle Is filled with blood, the valve closes, the 
'walls contract", 'and He blood flows out Into the arteries. These divide Into 
smaller and-smaller ones, and. when- Berra Blodls arrives In the thinnest 
' arteries he delivers his oxygeiTwlth the muscles and the other parts of the 
-•body. He then starts his way back to the Heart through veins that become, 
progressively thicker. When Berra Blodls get's back t6 th^ heart he has 
finished what Is' called the systemic circulation." ^ 

The blood cell comes back Irtto the right auricle and goes, when the valve 
^opens, into the right ventricle. When the ventre. Is filled with. blood, the 
' valve closes, the walls' contract , and the blood flows through a vein to the 

Uungs, where the blood 1 * cell again picks up oxygen. 

It Is the,n repeate/twlce that' the circuit the blood makes when it delivers 
qxygen Is called the stfsttmic circulation, and that the circuit the blood 
makes from the' right ventricle through the lungs back to the left auricle Is 
called the pulmonic circulation. * . « 

** • 
The present content was chosen, because-some parts were judged to* be of a 
. verbal nature, while other parts Were judged to be of a spatial nature. 

• * 4. 
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The pictorial information (i.e. the additional Information given In the 
READPICT and 'LISTPICT treatments*) consisted of U illustrations. The illus- 
trations are all rather styLized black and white drawings with little detail. 
The instructional material for the READPICT treatment Is In its entirety 
translated Into -English and reproduced in Gustafsson (1976, pp. 202-2^8). 



2.3 Post-tests 



Immediately after subjects had received instruction they were given 2 post- 
tests:, one with verbally formulated questions requiring verbal answers, and 
one with, picto rial 1 terns 
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The verbal post-test consists of 16 questions, some of which a\ hypothesized 
to refer to spatially demanding content, and some of which are hypothesized 
to refer to verbal content (see Gustafsson, 1976, pp. 209-210). From a subset 
of these Items 2 scales' were constructed. One, which will be referred to as 
VERB consists of 10 Items in the verbal content category. The items In thxs 
scale mainly ask for terns, and In some cases explanations of phenomena are 
asked for: Examples of items in this scale are the following: 'What are the 
tubes. called that blood moves in?", and "What different things does blood 
consist of?". The other scale constructed from the Items In the verbal 
post-test consists .of k Items that ask to and fro* which chamber of^the heart 
blood flows in relation ^specified parts of the body. Since these questions 
test understanding of the relationships and relative localizations of the 
parts of the system, they are hypothesized to be of a spatial nature. This 
scale is referred to as the V-SPAT scale. 

In the pictorial post-test there are 5 main questions, all of which, however, 
consist of a different number of sub-questl'ons . From these Items h have been 
selected which -are pictorial counterparts to the i tofts In the V-SPAT scale . 
In these Items a picture Is shown of the heact In which the- flow of blood Is 
indicated, and the task is to Identify from where the blood is coming and to 
where It is- going. This scale will be referred to as the P-SPAT scale. 

The internal' consistency of the scales has been Investigated with P""^ res 
for testing fit of data to the R,asch model described by Gustafsson (1980) and 
by techniques for facto, analysis of dichotomous data described 'by Muthen 
(1978). Both these types of analyses Indicated that the 3 scales are uni- 
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dimensional, and that they measure different dimensions < 



2*4 Aptitude variables' 



Out of a somewhat larger set of aptitude variables available in the study, 
the following will be considered *in t^e present analysis: 

Qpposites (Op) is a test designed to measure verbal ability. The test 
consists of 40 items in which the task is to find the antonym of a given word 
among four choices. The time limit is 10 minutes. 

Metal Folding (MF) is constructed to measure spatial visualization . 
ability. There are 40 items in the test and the task is to find -among 4 
choices the 3-dimenstonal object that can be made from a flat piece of metal 
-with "biding lines marked on the, drawings. 15 minutes are allowed for 
completing the test. " ; - 

» ° 

Number Series (NS) is designed to measure Inductive reasoning ability. It 
consists of 40 items where the task is to complete a series of 8 numbers, 6 
of which are given. The time limit Is 10 minutes. 
' ♦ ■ * 

A Paired Associates (EA) learning task was given to assess associative - 
memory ability. The" PA test was administered on 2 occasions, separated about 
3 weeks In time, as 2 parallel forms. .Each form consists of 22 object-pairs. 
?pr 11 of the pairs pictures of the objects are drawn adjacently and for 11 
of the pairs labels of the objects are written adjacently. Within each form 
Che pairs of pictures and words are raridomly distributed, with the constraint 
that no more than 2 pairs of the same item type may appear consecutively. 
There exist 2 such random orders for each form. At presentation a slide was 
projected onto a screen at the front of the class-room and left for 4 
seconds. The set of 22 pairs was shown twice, In the 2 orders. After the 
^ubjepts had seen the pairs twice, they were given an answe r sheet on which 
the label of the left-member of each pair was written, with Instruct Ions" to 
fill in the label of the right-member. The number o' correct answers to the 
two.' types of pairs was counted separately, but was collapsed over occasions. 
. These scores will be referred to as PA-PICT and PA-WORD respectively. 

The first 3 tests described above were constructed by Svensson (1971), while 
" the PA test was constructed for the present study. For Op, MF and NS the 
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number of correct answers on odd and even items was summed and used as 
half-test scores in the analysis. 



2-5 Method of statistical analysis 



Multiple regression (MR) analysis is the recommended statistical technique 
for analysis of data from ATI-studies (Cronbach & Snow, 1977). However, MR 
assumes that the independent variables are fixed, i.e. that the observed 
scores for any randomly chosen subject represent the true scores in which we 
are interested. But-most psychometric instruments yield scores which are 
contaminated with errors of measurement, and often an observed score reflects 
more than one construct. The assumption that the aptitude variables are 
perfectly reliable and valid is, therefore, violated by most empirical data. 

Violation of the assumption of perfect reliability results in biased 
estimates of the wi thin-treatment regression coefficients, and as a 
consequence estimates of ATI-effects are biased as well. The amount of bias 
is a function of the unreliabilities and intercorrelations of. the aptitude 
variables. However, even with typical reliabilities and correlations the bias 
is- likely to be so severe that the risk of drawing incorrect conclusions 
a'vout ATI's on the basis of an MR analysis is high (Gustafsson & Lindstrom, 
Note 4). 

Recently, however, a new class of statistical techniques has been developed 
in which these problems are given elegant solutions, and which techniques 
bring other advantages as well. These methods are referred to with different 
labels such as structural equation methodology, structural .-relations 
analysis, and .covariance structure analysis (for a review see Bentler, 1980), 
but all techniques belpnging with the class may be viewed as combining 
•confirmatory factor analysis with MR (or path analysis). 

In the present context it is impossible to give anything but a very cursory 
introduction to this methodology, but a short description aiming at an 
intuitive understanding will be attempted. The particular- technique relied 
upon here is the linear structural relations (LISREL) method of Joreskog and 
Sorbom (1^978, Note 5). 

In LISREL a distinction is made between the measurement model and the • 
structural model. In the measurement model relations between unobserved (or 
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latent) variables and observed (or manifest) variables are specified- 
in a confirmatory factor analytic model (e.g. Joreskog, 1969). In the 
structural model, relations between the latent variables are specified in much 
the same fashion as in path analysis. 

In the present study there are 8 observed variables (i.e. the 6 half-tests 
and the 2 PA-var iables) . These observed variables may be hypothesized to 
measure 4 latent, variables: the 3 -true" variables underlying performance on 
the 3 tests Op, MF and NS, and a PA-factor (or Ma, for associative memory). 
This hypothesis is expressed graphically in Figu - 1. 



Insert Figure 1 about here 



In the Figure observed variables are enclosed in squares and" latent variables 
in Circles. A straight one-way arrow indicates a causal influence of one 
variable on another, while a curved two-way arrow indicates a covariance, 
without any assumption about causation. , 

The 2 half-tests derived. from OpT are hypothesized to reflect the latent 
variable Gc It is, of course, true that Gc is formally a higher-order 
factor, while the latent variable defined by the two half^tests also includes 
Che specificity' of the test and the specific part of the primary factor 
Verbal Comprehension (V). However, the contributions of these specific 
variances is likely to be quite small in comparison with the contribution 
from the second-order factor Gc (cf. Gustafsson etal., Note 2). In the same 
manner the two half-tests derived from MF are supposed to reflect Gv, and the 
two NS half-tests are supposed to identify Gf . 

In the parametrlzation of the LISREL model the relations among variables and 
covariance.* among variables are specified in a ser.es of parameter matrices. 
Given specification of a model, maximum likelihood estimates of the para- 
meters can be obtained from the observed covariance matrix (see Joreskog , 
Sbrbom Note 5). Under the assumption of a multinomial distribution of 
observed scores a chi-square test of the goodness of fit of the model can 
also be obtained. < 

The parameters In the model in Figure 1 were estimated from the covariance 
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matrix for the pooled sec of subjects. The goodness-of-f it statistic yielded 
a chi-squar- of 20.27. With 18 df this statistic is non-significant (p < 
.32), so we cannot reject the model as fitting the data. 

The model shown in Figure 1 is an obiique factor model. The correlations 
among the latent variables in this model are all positive and gather high, 
ranging between .57 for the correlation between Gc and G ; f, and .26 for the 
correlation between Ma and Gf . This indicates that the latent variables -have 
a general factor (or, perhaps, several "general" factors) in common. 

It is possible to formulate higher-order measurement models within LISRJ5L 
(cf. Gustafsson et al., Note 2). Such a model is shown in Figure 2. This model 
assumes that the 4 latent variables are caused by another latent variable 
(G): in addition to the common G-f actor , each of the first-order factors is 
affected by a specific factor (Gc', Gv'/Gf' and Ma', respectively) which is 
orthogonal to G. Here the specific factors are treated as latent variables . 
'which makes them available for further analysis. 



Insert Figure 2 about here 



The test of the model shown in Figure 2 resulted in chi-square = 25.46 with 
20 df. Since the difference between the test-statistics for the two models is 
not significant (chi-square = 5.19, df = 2, p < .08) it may be concluded that 
It suffices with 1 higher-order factor to account for, the relationships among 
the first-order factors. Since the higher-order model is the more parsi- 
monious one it will be used as the measurement in the study of ATI-effects. 

If the treatment groups are random "samples from the same population, 
estimates of all parameters should be the same, within statistical limits, 
for the treatment groups. LISREL handles several groups of persons and it is 
possible to constrain parameters to be equal over groups which makes it 
possible to test such hypotheses about equality of groups of. persons. A model 
estimated from the within^treatuumt covariance Bu trices, in which all para- 
meters were' constrained to be equal over groups, resulted in chi-square = 
133 03 with 128 df . The alternative model in which no equality constrints 
were imposed gave chi-square '= 86.34 with 80 df. Since the difference between 
these test statistics is not significant (chi-square - 46.49, df - 48, p < 



12 



t 7 

-A. / 



.54) it may be concluded the Che treatment groups are samples from the \same 
population. 

In some of the analyses of ATI-effects higher-order interactions with sex 
will be considered. This makes it necessary -to investigate whether the same 
measurement model holds for both sexes, and a sequence of models were tried 
to test this. In these, the model shown in Figure 2 was_~modif led to take into 
account che'miins on the la tent va riables as well (cf Gustafsson & Llndstrdm, 
Note Jofesko, ^Sorb5m7~Note ; 3)~. \ 



The same model did not fit both boys and girls (chi-square = 103.94, df «U>4, 
p < .001), so one ox more rff 'he estimated parameters should be allowed 
different estimated values for 4 the sexes. Further tests indicated that girls 
had a higher mean on the Ma' factor, while boys had a" slightly higher mean on 
the Gc' factor. Differences also were found in the estimated error variances 
for the PA-scales, girls having a higher estimated error variance for PA-W0RD\ 
and boys having a higher error variance for PA-PICT. Allowing these V 
parameters to take on different values for boys id girls a good overall fit 
was obtained (chi-square « 63,. 21 df = 60, p < -36). 

So far we have only dealt with the measurement model for the aptitude ; 
variables, but it is necessary to specify a measurement model for the outcone 
variables as well. This model will here be .taken to be a very simple one, in 
which the 3 observed outcome variables (VERB, V-SPAT and P-SPAT) are each 
taken to be identical with a latent variable. This model thus assumes that 
there are no errors o'f measurement in the outcome variables This assumption 
is, of course, false but it may easily be demonstrated that errors of 
measurement in the dependent variables do not bias estimates of withln- 
treatment regressions. 

The full LISREL model is obtained when the measurement model for the aptitude 
variables is put together with the measurement model "for the outcome 
variables. .This model is shown in Figure 3. 

In this model the outcome scales are hypothesized to be affected by G, and 
these relations correspond with estimates of within-treatment regressions In 
MR. There nTay, of course, also be relations between one or more of the 
outcome scales and one or more of the specific latent variables, but for 
reasons of parsimony these are not included In the basic model. 

The within-treatment regressions onto the latent variables may be tested for 
equality in the study of ATI-effects. As has already been mentioned It is 
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also possible to estimate parameters representing the means of the latent 
variables and the intercepts of the outcome scales. A sequence of LIS RE L 
models provides, therefore, all the information necessary for a complete 
analysis of ATI-effects. . « 



3 RESULTS 



In the first step of the analyses the model shown in Figure 3 was fitted 
within each treatment group to%ee whether any of the specific latent 
"aptitude variables had a significant relationship with the outcome scales. 
Some such relationships were indeed found. In the READVERB treatment tbe 
regression of VERB on MA' was significant, as was the regression of V-SPAT 
on Gv-. Within the READPICT treatment the regressions of V-SPAT and P-SPAT on 
Gv' were found to be significant. These findings indicate the presence of 
ATI-effects in the data, even th6ugh no firm conclusions may be drawn from 
these analyses alone. However, in the model used for investigation of . 
ATI-effects these further relationships were allowed for within all- 
treatments. « 

© 

The analysis of the results of the study was conducted as a sequence of 
increasingly complex models, in which main effects were first studied, then 
first-order ATI-effects, and finally higher-order interactions involving sex. 
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3.1 Main effects 



The overall test of significance of the main effects for all 3 outcanes 
simultaneously Is highly significant (chi-square = 65.89, df =9*, p < -001). 
U is meaningful, therefore, to go on to study the effects with respect to 
particular outcomes and treatments. 

The design of the study Is such that. 2 treatment dimensions are fully crossed 
in a 2 X 2 design. With LISREL it Is hot possible to Investigate simul- 
taneously the main effects and the Interaction, as It would be In an ordinary 
2 X 2 analysis of covariance. However, by performing a sequence of analyses 
In which the Intercept terms are constrained to be equal In pairs of treat- ^ 
inents, It Is possible ~£o -emulate tests of main effects of the reading/ - - , 
listening and illustrations/no illustrations factors', as well as of the 
interaction between the factors. The results from these tests are presented 
in Table 1. ' 



Insert Table 1 about here 



The overall effect of the treatments Is significant for all outcomes, and 
most highly so for the P-SPAT outcome. For the VERB scale the separate 
tests of main effects show the LIST/READ factor, but not the VERB/PICT factor 
to be significant. Since the effect of the listening/reading factor 
completely accounts for the dverall effect with respect to this outcome it 
may be concluded that there is no Interaction between the two treatment, 
factors for this outcome. For the other 2 put comes both tests of main effects 
are significant, while at the same time none Is able to account completely 
for the overall effect, which does indicate an Interaction between the 
treatment factors. • . <j 

The nature of the interaction is revealed from the estimated within-treatment 
intercept parameters presented in Table 2. The highest level of outcome-on 
the V-SPAT and P-SPAT scales is achieved In the USTPICT treatment, while in- 
the other treatments there are no large differences in level of achievement. 
The" better achievement in the LISTPICT treatment accounts completely for the 
overall treatment effect found' with respect to V-SPAT and P-SPAT (V-SPAT: 
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chi-square 
.001). 



= 15.55, df = 1, p < -001; P-fiPAT: chi-square - 34.08, df = I , P < 
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According to the theory of suppression of visualization by reading, ajiigher 
level of performance is expected in the listening treatments' than In the 
reading treatments with respect to the' spatial type of outcomes. No clear 
support is obtained for the prediction, even though the descriptive pattern 
of results to^ome extent" favors the hypothesis. However, the interaction 
between the treatment factors does indicate that interpretation of. pictorial 
Information is unfavorably affected by reading. It also may be noted that 
that with respect to the verbal type of outcome listening is inferior to- 
reading. 



3.2 ATI-effects 



An overall test of ATI-effects is obtained if the fit of a model in which all 
within-t^eatment regression coefficients are constrained to be equal in all 

treatments^ com P ared wiCh the Elt ° £ 8 n ° del in ^ 1« " 

vary. This overall test is highly significant (chi-square =-32.76, df = 18 ^ P 

< .018). 



Table 3 presents resuUsNfrora statistical tests carried out to indicate for 
which particular combinatioh^of aptitudes, treatments jand. outcomes inter- 
acftioYts are found. 5 

Only for the regressions of P-SPAT Vg and Gv' the overall interaction is 
significant. However, in the more powerful tests based on the" treatment 
contrasts more regressions are significantly different across levels of the 
LIST/READ treatment factor. These include theXregression of V-SPAT on G , the 
regression of VERB on Ma' and the regression ofX-SPAT on Gv' 

The estimated within-treatment regression coefficient^ presented in Table 
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/ 

4. For the interactions involving G the pattern is such that the regressions 
are -Steeper in the 2 LIST treatments than they are in the 2 READ treatments. 
For the regression of VERB on Ma' higher coefficients are found in the READ 
treatments than in the LIST treatments, which is also, true for the regression 
of V-SPAT on Gv'. Th^re is 'thus a pattern such that G has a. higher relatttfn- 
ship"wich the spatial types of outcome in the treatments involving liste- 
ning, while there for some combinations of specialized aptitudes and outcomes 
are higher relationsips in treat «cnts involving listening. 



Insert Table 4 about h^rre 



The overall interaction is significant for the regression of P-SPAT on Gv , 
but none of the treatment contrasts is significant for this combination of • 
variables. The coefficients in Table 4 indicate that this is because Gv' 
predicts P-SPAT in the READPICT treatment, but not in any of the other 
treatments. Allowing only the parameter in the READPICT -treatment to be free 
causes a large improvement in the test-statistic (chi-square = 8.39, df= 1, p* 
< .004), which improvement completely accounts for the overall interaction 
found* with this combination of variables. 

In the final -step of the statistical analysis of first-order ATI-effects a 
model was fitted in which only parameters with' significant differences 
between treatments were not constrained to be equal. This model fitted so 
well (chi-square = 275.95, df = 261, p < .25) that any attempt at further 
improvement of fit would have to rely on chance effects. 
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3.3 Higher-order Interactions with sex- 



However, -even chough this model fits well there may, of course, he higher 
V order Interactions with sex,' and possibly with other factors as well. 

The overall test of interaction between sex and the treatment factors is not 
N significant (chl-square - 18.62, df - 12, p < .098), and nor do separate 

analyses of each of the 3 outcomes disclose an interaction between treatment 
- an*d sex. Higher-order interactions between sex, treatment and aptitude were 
Ln the first step studied by Investlgatlng-whethei" the final .model from the 
analysis of first-order ATI effects Is Invariant for the sexes. This hypo- 
' thesis had to be rejected (chl-square = 20. 64, df = U, p < .037), so In the 
next step the same sequence of tests* as was conducted fdr the' pooled sample 
was repeated within the sexes.. The results are presented In Table 5. 
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As may be seen in the table the results are dramatically different for bbys 
and girls: for boys no significant interaction is found, while for the girls 
there are several significant interactions. The results obtained In the 
analyses of the pooled, sample fall In between the results obtained In the . 
within-sex analyses, thus indicating that the interactions found earlier are 
almost entirely accounted for by the girls' results. 

There is one exception to thls^pattern, however. In the pooled analysis , the 
"regression of P-SPAT on Gv' was found to be steeper in the READPICT treatment 
than in the other treatments, but in the analyses conducted with the sample 
divided according to sex no significant interactions is found for this 
combination of aptitude and outcome. The most likely explanation for this Is 
that the Interaction holds true for both "boys and girls,. but that the loss of 
power resulting from division of the sample makes detection of the effect 
Impossible. > * * 

Also presented In Table 5 are separate tests of Interactions with each of the 
2 treatment factors. From these it is clear that all the. overall interactions 
are completely accounted for by differences between the regression slopes for 
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the treatments involving reading on tte one hand, and the treatments 
involving listening on 'the. other. ' K 

t 

Table 6 presents statistical tests of the differences between the regression 
coefficients for boys, which are taken to be invariant over- treatments , and 
the regression coefficients for girls in the READ- and LIST-treatments, , 



resrae 



ectively. 
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Since the coefficients for boys tend .to Ball in between those for the girls 
in the READ- and LIST-treatments, only few of the pairwise tests are. 
significant. However, the regression of VERB on Ma' is signif icantlV steeper . 
for girls in the READ-treatments than it is for boys. A very large difference 
is also found for the regression of V-SPAT 'on Gv' . For boys, and for- girls in 
the READ-treatment this relationship is positive, while it is negative for, 
girls in the LIST-treatments . 

It will be remembered that in the analyses within sex the, interaction 
involving P-SPAT and Gv' was not significant, which was suspected to be due 
to loss'of power. However, freeing the regression coefficients in the 
READPICT treatment but imposing constraints of equality over the sexes, a 
^ery large improvement in fit is obtained (chi-square - 17 .74 , df - I , p < 
-.001). Thus it maTbe concluded that the failure of this interaction to be 
significant- in the analyses within sex. was due to loss of power. 

In the very last step of the statistical ^nalyses a model was set up in which 
all parameters with a chi-square less than 1 J) for the difference between 
boys' and girls were constrained to be equal. This model had an acceptable fit 
(chi-square. = 602.68, df = 559, p < .10). The estimated within-group ^ . 
regression coefficients of this model are presented in Table 7. 

The results presented Hn Table 7 summarize the ATI findings of the study. The 
most important interactions are found with- respect to the 2 spatial outcome*, 
and in these-' interactions both G and Gv.' are involved. On the verbal test of 
spatial outcome Mgh-G girl- having a treatment involving listening perform 
well, while the high-Gv girls perform' poorly in these treatments. On the 
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pictorial type of spat?«l outcome the hlgh-G girls that had a treatment 
involving reading perform worse than any other high-G group. Another finding 
related to the P-SPAT outcome is that in -the READPICT treatment the high-Gv 
pupils perform better than the low-Gv' pupils, which is not the casein any 
other treatment. h * % - 

The only interaction"* ound with respect to the verbal .-type of outcome > 
involves Ma', ^such that among girls having a treatment involving reading < 
there is a positive relationship between this aptitude arfd the VERB outcome. 



A DISCUSSION AND CONCLUSIONS 

: !-> 

■ * * , * 

According to the theoretical framework sketched upoiTin the Introduction 
visualization processes are not compatible with reading processes. It was, 
therefore, predicted that on spatial ty^es of outcome performance would be 
better in treatments involving listening than in treatments involving 
reading. It was'also predicted that pupils having a .good visualization* 
ability would perform particularly well on this type 'of outcome when liste- 
ning. However, the results only partially conform with these predictions, 
and even though the findings do not overthrow the theoretical framework, it 
will need modification t-o accomodate the present results. 

The highest overall level of performance on spatial outcomes was obtained in 
Che audiovisual (LISTPICT) ^treatment. As predicted there was also a tendency 
towards a higher level of performance in the LISTVERB than in the READ VERB 
treatment, but this finding failed 'to reach statistical significance. Some 
.evidence In favor of the hypothesis of suppression of visualization in 
reading is therefore obtained, but the evidence is not strong. 

HoweVer, the high level of performance in the LISTPICT treatment indicates 
that pictorial information is processed more efficiently when the verbal 
information is presented auditively, than when it is presented .visually . This 



may be interpreted as supporting the hypothesis that reading suppresses 
interpretation and acquisition of pictorial information. 

In tho Introduction specific hypotheses- about the mechanisms ' involved in the 
suppression were discussed . 'According to'one hypothesis, reading. and picture 
interpretation are both visual "processes, and they can therefore not be 
performed simultaneously. According to another hypothesis, reading is an 
exclusively verbal process, which once started is not easily disrupted in 
favor of another kind of processing. ' • • 

Reading the illustrated material involves shifts of attention within the 
visual- modality," while the audiovisual treatment involves betwe en-modality 
shifts of attention. It would seem, 'however ^that the hypothesis in terms of 
similarity of reading and visualization is poorly equipped to icqpunt for the 
difficulty of the within-modali-cy shifts, slnce^this hypothesis only refers- # 
to processes performed simultaneous^. The hypothesis in terms of the^verbal' 
nature of the reading process ;would , however , be able toaaccount fo'r the 
difficulty" to shift ^etwee'n 'reading and 'interpreting; pictorial . informatio 




Almost all-ATI effects found involve the treatment factor reading vs 
listening and the aptitude variables G and Gv' . This indicates that _ 
the-treatments to different degrees support visualization processes , but 
that tliis is contingent upon individual differences. 

Taken together, the results indicate that in the listening -treatments, the 
spatial type of achievement was especially poor f,or girls high in Gv"and lew 
in other abilities, while in<these treatments' performance was especially good 
'for girls high in. all abilities. This may be interpreted -to mean that it was 
easier to visualize in treatments not requiring reading, but that # thrf* 
visualization was harmful rather than helpful unless a high level of general 
ability ensured that the visualization processes were ptoperly executed. 

« ■ 

"This* may be because coordination and interrelation of processes is of great 
•importance in the treatments involving listeningl'when listening the verbal 
information has to be decoded, and the spatial type of content has to be 
selected for further processing. But while the visualization processes are 
performed new information may arrive which must be decoded, and it is^of - , 
'course. in each step necessary to take into- account the results of previous 
.processing steps. -While each of the. processes need not be/difficult to 
perform the proper sequencing and interrelating of processes may be quite 
demanding, and it may be hypothesized that it was the pupils with a high _ 
> general. ability that were most able to perform, these tas£s. 



This interpretation, which is also an interpretation what it means to have a 
high general ability, comes close to Snow's (1980; c£ Gustafsson et al., Note 
2) interpretation of Gf in terms of the efficiency of control and assembly 
processes. The interpretation also comes close to the theoretical framework 
developed by Wilkinson (1980) to account for the development of skilled 
reading. However, the findings were significant only for the girls, so the 
interpretation must be elaborated upon somewhat. 

Research on hemispheric lateral! tion of cognitive functions indicate that 
for most persons verbal-logical p-ocesses are localized in the left. ^ 
hemisphere, while wholistic spatial processes are localized in the right ^ 
hemisphere (e.g. Dimond & Beaumont, 1974; Nebes , 1969). However, several 
studies (e.g. Kimura, 1969; Levy, 1976) have shown females to display . 
lateralization of function to a lesser extent than males do. These findings 
of incomplete lateralization of verbal and spatial function among females , 
have" been cited to account for the tendency for females to score lower on 
spatial tests than males. , 

If the interpretation of the ATI-findings suggested above is recouched in 
such neuropsychological terms, it might be said that the cooperation between 
the hemispheres is of great- importance, and that G may index the efficiency 
of cooperation. However, foe cooperation to be necessary it must be assumed 
that the processes are differentially locrlized. One might expect, therefore, 
that among two groups of persons, coordination and cooperation would be more 
important in the group with, more complete lateralization. But .the findings 
are just the opposite, showing a steep regression of spatial outcome on G 
for girls in the .groups that listened. It would .thus seem that the previously 
suggested interpretation is -incompatible with the notion of incomplete 
lateralization of function Imong females. 

/ 

There is Reason to suspect, however, that the. theory of sex differences in 
'degree of localization of function is too simple. Hannay (1976) studied 
visual field effects in the perception of simple geometric designs. For 
females, performance in the right visual field was the same as in the left 
"visual Held. For males such tasks typically yield left field superiority, so 
the result for females might be interpreted to support the theory of 
•incomplete lateralization of function. But Hannay (1976) also administered ( 
the WATS Block Design test, which iff" a measure of Gf and/or Gv, and observed 
among females a correlation between test scores and ^visual field superiority, 
such "that subjects with a left field superiority had significantly higher 
; Block Design scores than had subjects with right field superiority. Among a 



o 



group of males no such correlation was found. 

These results Indicate that the heterogeneity of lateralization of function 
is greater among females than among males, such that one subgroup of females 
has as complete lateralization of function as males, while another subgroup 
of females tends to solve visual/spatial tasks using left-hemisphere 
functions. It also seems that 'degree of lateralization among^ females is 
related to level of performance on tests of general or spatial ability. ^ 

Given this modification of the neuropsychological theory, it does seem to fit 
better with the proposed interpretation: In the treatments involving- 
listening the interplay of verbal and spatial types of processing is crucial. 
Each tvpe of , P rc5cess is performed most efficiently if la.teralized along * 
hemsipheric lines, but' it also requires coordination of the different types 
of processes. Among girls degree of lateralization is related to level pf 
ability, and level of ability therefore predicts achievement in the treat- 
ments involving listening. In the treatments involving reading, however, ^ 
subjects are forced into a more exclusively" verbal kind of processing and 
degree of lateralization is, not important. 

So far the discussion has been concerned with the verbal test of spatial 
outcome. But for the other outcomes somewhat different patterns of results 
were obtained . 

With respect to the pictorial test of spatial outcome (P-SPAT) a less steep 
regression onto G was found for girls in the' treatments 'requiring reading. 
This result may indicate that the girls who read treated the material in a 
more purely verbal manner, not visualizing in the unillustrated treatment and 
not attending to the illustrations in the illustrated treatment, thus 
preparing themselves poorly for answering the pictorial type of post-test 
questions. Such an interpretation would be compatible with the observation 
chat females more often than males 'adopt verbal-analytical strategies in 
solving spatial problems. The finding that Ma' was related to the test of \^ 
verbal outcome for girls in the treatments involving reading may be taken as 
another indication that they approached the task in a verbal manner. 

For both boys and girls a positive relationship between P-SPAT and Gv' was 
found in the RF.ADPICT treatment, while there was no association between these 
variables in any of the other treatment groups. It will be rembered, however, 
that a main effect was also found for this outcome, such that level of 
performance was higher in the LISTPICT treatmenC-schan in che other ^ 
treatments. In the RF.ADPICT treatment subjects with a high level on Gv 
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performed at the mean level in the LISTPICT treatment, so the interaction was 
ordinal* 

This seems to be one o£ the few findings in- support of the hypothesis that 
high Gv' pupils perform better with an illustrated than with an unillustrated 
treatment. It is necessary, however, to explain why the same result was not 
found wlth\respect to the verbal test of .spatial outcome, and why the, results 
in the LISTPICT treatment are different from those in the READPICT treatment. 

From the Introduction it' will be remembered that several studies may be " 
interpreted, to indicate that pupils high in Gv are better at learning 
illustrations than are pupils low in Gv. High-Gv pupils may therefore be 
expected to perform well in an illustrated treatment when acquisition of 
pictorial content Is advantageous. With respect to the pictorial test of 
spatial outcome it does' seem to be an advantage if the illustrations in the , 
-teaching material are remembered, while Jot the other outcomes this carries 
no special advantages. The finding that trie interaction was restricted to the 
pictorial type of outcome provides, therefore, support for the hypothesis 
advanced by Gustafsson- (1976) that Gv is of importance in an illustrated 
treatmenty when acquisition of the illustrations themselves is beneficial for 
achievement. 

The^act that in the LISTPICT treatment no relationship was found between Gv' 
and the P-SPAT outcome can probably best be accounted for with reference to 
the distinction betwe.en incidental and intentional learning. •Sheehan (1971) 
.has_ shown .that spatial ability is related to incidental acquisition of ^ 
pictorial information, but not to intentional learning of pictorial 
information. From the hypothesis of suppression of pictorial perception by , 
reading follows that in the READPICT treatment the subjects' focus of 
attention was directed more towards the text than towards the . illustrations; 
learning the illustrations In the READPICT treatment "therefore had the 
characteristics of incidental learning. In the LISTPICT treatment, in 
contrast, everyone could focus on* the slides undisturbed by a reading 
requirement, which explains the higher general level of performance and the 

lack of relationship with Gv' . 
t 
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Table I. Results from tests of main effects and' interactions between the 
treatment factors. 



Main effects 

t 



Outcome 



VERB 

V-SPAT 

P-SPAT 



Overall effect 
Chi-sq df 



7.83* 
19.01* 
38.49* 



3 
3 
3 



VERB/PICT 
Chi-sq df 



0.03 
6.84* 
19.38* 



LIST /READ 
Chi-sq df 



7.55* 
11.59* 
16.13* 



Note 



: * indicates significance at the 5 per- cent level. 



1 

i. ' 
1 * 



Table 2. Estimates of the within-treatment intercept parameters. 



T rea tmen t 



Outcome 



'read-verb 



VERB 
' V-SPAT 
-P-SPAT 



READPICT 



-0.05 
0.21 
0.31 



Note: * indicates a fixed parameter. 



L1STVERB 



-0.58 
0.31 
0.27 



LISTPtCT 



-0.46 
0.74 
0.97 
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Table 3. Resets from statistical tests of aptitude x treatment interaction 
effects. > ". 



Interaction with 



Regression 
of on 



VERB 

V-SPAT 

P-SPAT 

VERB 

V-SPAT 

P-SPAT, 



G 
G 
G 

Ma' 
Gv' 
Gv' 



Overall interaction 
Chi-sq df 



4.01 

5.86 

9.92* 

6.72* 

4.49 

8.98* 



3 
3 
3 
3 
3 
3 



READ/LIST 
Chi-sq df 



1.71 

5.49* 

9.13* 

5.61* 

4.17* 

3.71 



Note: * indicates significance at the 5 per cent level. 



VERB/PICT 
Chi-sq df 



0.10 
0.08 
0.46 
0.63 
0.06 
1.65 



.Table 4. Estimated within-treatraent regression coefficients. 



Treatment 



Regression 
of on 



VERB 

V-SPAT 

P-SPAT 

VERB 

V-SPAT 

P-SPAT 



G 

G ' 
G 

Ma' 
Gv' 
Gv' 



READVERB 



0.83 
0.16 
0.20 
0.19 
0.12 
0.02 



READPICT 



1.13 
0.15. 
0.25 
0.10 
0.13, 
0.18 



LISTVERB 



1.24 
0.43 
0.55 
0.01 
0.03 
.0.00< 



L1STP1CT 



1.10 
0.54 
0.70 
0.00 
0.01 
0.03- 
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Table 5.. Statistical tests of aptitude x treatment Interaction effects- 
sepaVately for the sexes. 



Interaction with 



Regression 
of on 



Overall interaction 
Chi-sq df 



read/list 

Chi-sq df 



VERB/PICT 
Chi-sq df ! 



BOYS 

'"VERB 

V-SPAT 

P-SPAT 

VERB 

V-SPAT 

P-SPAT 



G 
G 
G 

Ma' 
Gv ; 
Gv' 



1.23 
3.22 
3.01 
1.30 
0.57 
5.64 



3 
3 
3 
3 
3 
3 



- \ 



GIRLS 



VERB , 

V-SPAT 

P-SPAT 

VERB 

V-SPAT 

P-SPAT 



G 
G 
G 

Ma' 
Gv' 
Gv' 



6.19 

8.60* 
13.38* 

8.39* 
12.30* 

5.37 



3 
3 
3 
3 
3 
3 



6.97* 
11.81* 

4.91* 
10.71** 



1 
1 
1 

i 



O-.ll 
0.15 
0.15 
0.08 



I 
1 
1 
1 



Note: * indicates significance at the 5 per cent level. 
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Table 6. Within-treatment regression coefficients for boys and girls, 
tests of their difference. 



Coefficients Tests 



Regression 
of .on 



VERB G 

V-SPAT G 

P-SPAT G 

VERB Ma' 

V-SPAT Gv' 

P-SPAT Gv' 



Girls Boys vs Boys vs 

Girl s-RE AD Girl s-L 1ST 



Note: '* indicates significance at the 5 per cent level. 



0 

Boys 


READ 


LIST 


Chl-sq 


df 


Chi-sq df 


1.15 


l.do 


1.00 


0.86 


1 


0.86 1 


0.27 


0.22 • 


0.56 


0.10 


1 


2.87 1 


0.44 


0.20* 


0.50 


2.93 


1 


0.15* 1 


0.03 


0.18 


0.02 


4.10* 


1 


0.02 1 


0.11 


0.10 


-0.10 


0.01 


1 


9.10*- 1 


0.03 


0.06 


0.06 


0.46 


1 


0.46 1 



Table 7. Estimated vlthln-group regression coefficients by sex and treatment. 



Regression • READVERB READPICT 'lISTVERB LISTPICT 

o£ on Boys Girls Boys Girls Boys Girls Boys Girls 



0.25 0.57 

0.50' 0.50 

0.12 -0.13 

0.00 ' 0.00 

0.03 0.03 

Note: All numerically Identical parameters are constrained to be equal. 



V-SPAT 


G 


0.25 


0.25 


0.25 


, 0.25 


0.25 


0.57 


P-SPAT 


G 


0.50 


0.17 


0.50 


0.17 


0.50 


0.50 


V-SPAT 


Gv' 


0.12 


0.12 


0.12 


0.12 


0.12 


-0.13 


P-SPAT 


Gv' 


0.00 


0.00 


0.18 


0.18 


0.00 


0.00 


VERB 


Ma' 


0.03 


0.17 


0.03 


0.17 


0.03 


0.03 
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Figure 1. The first-order model for the aptitude variables, 

I 
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